Introduction
Ovum transport through the oviduct consists of rapid transport through the ampulla, followed by a delay at the ampulla-isthmic junction (Eddy & Black, 1974; Eddy et al, 1978) . Segmentation caused by activity of circular muscle is reportedly a major factor in the movement of spermatozoa to the ampulla where fertilization occurs (Black & Asdell, 1958) . To understand better the role of oviducal motility in gamete transport, researchers have attempted to correlate changes in oviducal motility with the period of the oestrous cycle of the pig (Rodriguez-Martinez et al, 1982) and cow (Ruckebusch & Bayard, 1975) : the highest frequency of contractions occurred during oestrus and metoestrus, the periods associated with sperm and ovum transport respectively.
The details of oviducal function in gamete transport in the cow have not been extensively studied. In addition, the respective roles of the circular and longitudinal muscle layers in gamete transport and fertilization are not well defined. The purpose of this study was to characterize the patterns of circular and longitudinal muscle activity of the cow oviduct during the oestrous cycle.
Materials and Methods
Microtransducer system. The Silastic (Dow Corning, Midland, MI) 'doughnut' microtransducers used for this study were a modification of the original system developed for measuring motility of the rabbit oviduct (Blair et 1976). These transducers possessed an unstressed diameter of 1-2 mm with implantation in the oviduct producing a prestressing of the device since they were slightly larger than the inside diameter of the oviduct. The transducers were thus able to respond to increases and decreases in the internal diameter of the oviduct. Surgical procedure. Surgical implantation of the transducers was accomplished by a standing laparotomy with an incision in the paralumbar fossa region following local anaesthesia. The uterus was palpated through the abdominal incision and retracted to the incision site to expose the uterotubal junction. A 0-5 mm diameter stainless-steel guidewire was passed through a puncture wound in the uterus 2 cm caudal to the uterotubal junction. The wire was then threaded cranially through the uterotubal junction and into the proximal 4-5 cm of the oviduct. The guidewire was pushed through the oviducal wall near the ampulla. A transducer was selected and attached to the guidewire by means of a loop of 6-0 suture. The transducer was then gently pulled through the incision in the uterus, through the utero¬ tubal junction, until the device was located 2-3 cm cranially to the junction. The suture loop was clipped and pulled free, leaving the transducer firmly implanted in the lumen of the oviduct. The transducer leads were anchored to the uterine horn at several sites with silk sutures. Animals were allowed a 1-week recovery period after surgery before motility data were collected.
Research animals and sampling schedule. Oviducal motility was measured in 5 cows ( [1,2,6,7- 3H(N)]progesterone (New England Nuclear, Boston, MA) was 91-9% (n = 3). The average coefficient of variation for the analysis of pooled cow plasma was 803% (n = 6) within assays and 12-85% between assays. The antibody, donated by Dr H. Dobson (Dobson et al, 1972) , exhibited a 006% cross-reactivity with corticosterone, and <001 % with all other steroids at 50% displacement. When 0063, 0-500 and 2-500 ng standard progesterone/tube were added to pooled plasma, corrected values of 0057 ± 0-011, 0-494 ± 0-610 and 1-940 ± 0-855 ng/tube were obtained. This assay exhibited a sensitivity of 0020ng/ml plasma.
Statistical analyses. Table 2 with an example of one complete cycle in a single cow illustrated in Fig. 1 . 2-3 ± l-4a
9-1 ± l-4b 8-8 ± 2-4b 13-8 ± l-4b
0-4 ± 1-6" 0-9 ± l-6a
29-2 ± 2-7b
0-4 ± 1-5* 10 ± 0-3a
Means with different letters are significantly different (P < 005). Table 2 ). This pattern of activity varied little through the recording periods of the different cows. Circulating concentrations of progesterone were < 1 0 ng/ml plasma, confirming the regression of the corpus luteum.
Patterns of oviducal motility for 3-5 days after oestrus were similar to those during the 2-3-day period before oestrus (Figs Id, e) . Longitudinal muscle activity remained high and was accompanied by a decrease in circular muscle contractions (Table 2 ). From about 1 day before until 1 day after oestrus, activity was almost continuous. Outside of this range, short periods of low activity were seen between periods of pronounced activity. Progesterone concentrations remained low (< 1 ng/ml) before increasing 3-5 days after oestrus (Figs If, g ). This rise in plasma progester¬ one values was accompanied by a decrease in the frequency and amplitude of spontaneous muscle activity (Table 2 ).
Bilateral patterns of oviducal motility
The successful implantation of transducers in right and left oviducts of Cows 179 and 465 allowed comparison of motility patterns between the oviducts. Notable was the lack of synchrony between the right and left oviducts. In Cow 179 (Fig. 2) , the left oviduct was more active during Cycles 1 and 2 (P < 005) with the right oviduct more active during Cycle 3 ( < 005). In the periods before and after oestrus of Cycle 2 (Figs 2a-f) , the left oviduct showed a higher level of muscular activity, exhibiting a pattern of motility similar to that previously discussed. During Cycle 3, however, activity was greater during the period after oestrus in recordings from the right oviduct (Figs 2j-l Coutinho, unpublished data) in which outbursts as measured by microballons were consistently associated with increases in transducer diameter. Careful analysis of these results suggested that outbursts were caused by contractions of the longitudinal muscle fibres of the oviduct and broad ligament. The findings of these studies suggested that circular muscle contrac¬ tions decreased the internal diameter of the implanted transducers, resulting in upward pen deflec¬ tions, while contraction of the longitudinal fibres resulted in an increase in transducer diameter and downward pen deflection. The contractions of the circular fibres were higher in frequency and lower in amplitude than contractions of the longitudinal fibres. These implanted transducers were able to pick up the increases in diameter of the lumen associated with smooth muscle contractions because they were prestressed, being slightly larger than the lumen. In the present study, oviducal motility of the isthmic segment across different stages of the oestrous cycle was characterized. Little activity was seen during the luteal phase of the cycle. With luteal regression, as indicated by falling concentrations of progesterone, an increase in spontaneous activity was observed consisting mostly of low frequency, high amplitude-type muscle contractions previously associated with longitudinal fibres (Blair & Beck, 1977) . Motility increased 1-2 days before oestrus, becoming mixed with circular-type muscle activity 12-24 h before oestrus. During oestrus, frequency of circular activity increased compared to patterns before oestrus. Activity after oestrus was similar to that seen before oestrus with a decrease in both frequency and amplitude of activity occurring with increasing concentrations of circulating progesterone.
The extremely low level of activity observed from the cow oviduct during the luteal phase of the cycle concurred with studies in the human, rabbit and cow (Salomy & Harper, 1971; Maia & Coutinho, 1976; Ruckebusch & Bayard, 1975) . Increasing levels of motility observed 3-5 days before oestrus also confirmed the study of Ruckebusch & Bayard (1975) who stated that the fre¬ quency and amplitude of oviducal contractions increased during pro-oestrus in the cow. Our ability to distinguish between increases and decreases in the diameter of the oviduct made further charac¬ terization of this activity possible with longitudinal-type muscle activity predominating during pro-oestrus. Increasing frequency of oviducal motility around the time of oestrus concurred with work reported in the rabbit and cow (Black & Asdell, 1958; Greenwald, 1963; Ruckebusch & Bayard, 1975; Talo & Hodgson, 1978) . That these contractions were of the circular type had not been reported previously. Contractions of circular muscle are implicated as major factors in the transport of spermatozoa to the ampullary site of fertilization (Black & Asdell, 1958) . Patterns of oviducal motility after oestrus were similar to those seen during the 3-5-day period before oestrus. While high levels of motility have been previously reported during the post-ovulatory periods of humans (Maia & Coutinho, 1970) , rabbits (Black & Asdell, 1958) and cows (Ruckebush & Bayard, 1975) , our observations are unique in that we were able to identify this as primarily high-amplitude, low-frequency contractions which have been associated with longitudinal smooth muscle fibres previously. Although the bovine oviduct was known to possess both longitudinal and circular muscle layers, no previous attempts had been made to separate these patterns of activity. The results of this study show that both the type of oviducal motility in the isthmus as well as the total activity are related to the period of the oestrous cycle in cows. The high levels of longitudinal and circular activity concurrent with ovulation and sperm transport, respectively, suggest roles for these types of contractions in gamete transport. It would be interesting to ascertain if similar patterns of motility are seen in other segments of the oviduct.
The observation of asynchronous activity between right and left oviducts agreed with that of Ruckebusch & Pichot (1975) , who reported dissymmetry in spontaneous activity between oviducts in sheep. These researchers also reported a more intense response to adrenergic agonists by the active oviduct. No attempt was made to correlate this response to the functional status of the corresponding ovary. The general hypothesis concerning oviducal motility has stated that it is mediated by the ratios of oestrogens and progesterone that are released into the systemic circu¬ lation (Spilman et al, 1978) . If these mediating factors are in the systemic circulation a bilateral synchronous stimulation of both oviducts would seem likely. Higher concentrations of these steroids in the vasculature of the oviduct ipsilateral with the active ovary could account for the greater amplitude of contractions in that oviduct but may not account for the asynchrony. Adsit (1982) has reported greater activity in the oviduct ipsilateral to the active ovary and such asynchronous motility could result from local factors exerted by the functional ovary or the ovum.
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